The data presented here on the oxygen tension in the maternal and fetal bloods entering and leaving the placenta of the goat were obtained as a part of a wider investigation of the oxygen supply to the fetal kid. As the first step in the program we estimated the rate at which blood reaches the uterus of the goat at selected stages in gestation and the arterio-venous oxygen difference across that organ to obtain data on the oxygen consumption of the uterus and its contents.1 Next we examined the characteristics of the oxygen dissociation curves of the fetal and maternal bloods of goats and the degree to which their respective affinities for oxygen were affected by changes in hydrogen ion concentration.' The results were related in two nomograms-one for fetal, the other for maternal blood-that permit the easy estimation of the oxygen tension in a blood sample when its percentage saturation with oxygen and its pH are known. These nomograms have been used to estimate the oxygen tensions in the bloods entering and leaving the maternal and fetal sides, respectively, of the placenta at different stages in gestation and in different circumstances. Finally, the results presented here served as the basis for the estimation of the transplacental oxygen gradient, i.e., the difference in the oxygen pressure in the maternal and fetal bloods entering and leaving the placenta.
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MATERIALS AND METHODS
The goats used in this study were healthy, well-nourished individuals either Sanaans or Toggenburghs, whose breeding dates were known. They were starved for 48 hours before they were anesthetized with either intravenous sodium pentothal or chloralose in preparation for laparotomy.
Some of the animals were used for studies on uterine blood flow and metabolism before the blood samples used in this part of our work were drawn. In investigating the uterine blood flow it was our practice to draw-via indwelling plastic catheters-blood from a maternal artery and a uterine vein at a regular rate over a 20-minute test period just prior to the drawing of samples from the four placental vessels. These integrated samples drawn over the 20-minute period, when analyzed provided us with the average arterial and uterine venous oxygen contents respectively on the maternal side of the placenta and for the estimation of the maternal oxygen capacity. With these data, spot samples drawn from the same maternal vessels at the end of the test period could be compared. As these spot samples were drawn, others were drawn simultaneously or nearly so from an umbilical artery and an umbilical vein, in a loop of cord exposed by a small incision in the uterine wall. Each of these samples, of about 5 cc., was drawn under oil into a syringe whose walls had been moistened with a neutral heparin-fluoride solution to prevent clotting and glycolysis. The other blood samples, analyzed as a part of this study were obtained in the course of an investigation of the acid-base relations of the mother and fetus.' They were drawn simultaneously or nearly so from a uterine artery, a uterine vein, an umbilical vein, and an umbilical artery after the uterus had been delivered by a midline abdominal incision and opened by a small cut at right angles to the long axis of the horn. The syringes into which the samples were drawn were capped and stored in ice water until analyzed. The pH of the whole blood was determined by means of a glass electrode and a Beckman meter standardized with a buffer of known hydrogen ion concentration.
In some cases the pH was measured at 38' C.; in others it was measured at room temperature and corrected to 38' C. by means of Rosenthal's' equation:
Blood pHn = pHt -0.0147 (38-t) (1) where t is the temperature at which the pH is read. We determined by experiment that this correction is applicable to the bloods of adult and fetal goats. 
RESULTS
Data were obtained on eleven goats (see Table 1 ) whose gestation ages ranged from 73-137 days (full term 145-50). Eight of the eleven, Nos. 1-5 and 9-11, were used in experiments on uterine blood flow before the fetal samples were drawn; Nos. 6-8 were sacrificed for this study and for the estimation of the transplacental carbon dioxide tension gradient. Of those used in the blood flow studies, Nos. 1-5 were considered to be in 'normal' condition as judged by their blood pressure, 90 mmHg or over, and arterial oxygenation, whereas Nos. 9-11 were judged to be in poor condition because of their low blood pressure and arterial saturation. The condition of those sacrificed primarily for this study, Nos. 6-8, was judged to be 'normal' on the basis of their reactivity and arterial oxygen level.
In the series of individuals designated as 'normal' the oxygen saturation of the arterial blood was 96 per cent or over, whereas that of the blood emerging from the uterus ranged between 62.2 to 80 per cent. The coefficient of oxygen utilization (A-V x 100) is correspondingly low. Only A 19.8-32 per cent of the oxygen transported to the uterus was utilized by it and its contents. As a result of the low coefficient of oxygen utilization the oxygen pressure in the maternal placental capillaries was high. The oxygen tension in the uterine venous blood ranged from 38.2-54.0 mmHg; the arterial oxygen tension varied from 74 to above 90 (the accuracy of our estimation of oxygen tension in goat blood above 90 does not justify any more precise statement of the upper limit). The oxygen saturation of the umbilical arterial bloods of fetuses delivered of the 'normal' does varied between 15.1 and 42.6 per cent; the range in the bloods from the umbilical vein was 55.5 and 90.6 per cent. These saturations corresponded in the umbilical artery to oxygen tensions between 10.4 and 18.5 mmHg and 20.3 to 45 in the umbilical vein.
In the three does whose condition was considered 'poor' the arterial oxygen saturation was 83.3-91.4; that of the uterine venous blood was 48.0-61.7. The lowest coefficient of oxygen utilization of the uterus was 28.0, the highest 43.3. The oxygen tension in the arterial blood was 60.5-75 mmHg. Turning now to the fetuses, the oxygen saturation of the blood of the umbilical vein ranged from 30.0-72.4 saturations that corresponded to oxygen tensions of 13.5-26.9. The saturations in the bloods of the umbilical artery were 18.8-44.8 corresponding to oxygen tensions 11.5-18.3.
DISCUSSION
As the data presented here were obtained on anesthetized does lying on their side, the reader will be concerned to know what relation the values obtained bear to those characteristic of normal unstressed individuals. Such was our own concern about this point that we delayed their publication until we could make some statement about it. We find that the arterial and uterine venous bloods of the does in our series designated 'normal' are saturated with oxygen to a degree similar to that which we find in unanes-thetized individuals whose bloods were sampled via indwelling plastic catheters three to six days after the catheters were introduced. Though we have not determined as yet the degree of saturation of fetal blood entering and leaving the placenta in unanesthetized goats, there is no reason to assume that they would differ from those reported here inasmuch as the values on the maternal side of the placenta are similar in the anesthetized and unanesthetized individuals.
Our results indicate that in the 'normal' goat as in the unanesthetized sheep'0 the coefficient of oxygen utilization of the pregnant uterus continues to be low throughout the last third of the gestation period. The coefficient in the goats studied ranged between 19.8 and 32, values that correspond well with the limits of the variation observed in our sheep, i.e., 22.9-47.0. These results are in sharp contrast to those that have been obtained in similar studies on rabbits in which the coefficient of oxygen utilization tends to increase as term approaches and may reach values of 80.' The circumstances that result in this difference in the utilization coefficient as observed in the sheep and goat on the one hand and the rabbit on the other have not been described, but some correlated information is of interest. The oxygen tension in the venous blood emerging from the uterus of the rabbit falls steadily as gestation advances after the 18th day.1 In contrast, the oxygen pressure in the blood leaving the pregnant uterus of the 'normal' goat shows no such tendency; instead, it remains relatively high. In only one case was it below 43.0 mmHg, i.e., 38.2. Similarly, in our unanesthetized sheep, the oxygen pressure of the uterine venous blood tends to remain relatively constant, 40-45 mmHg, in the last third of gestation. And in unanesthetized ewes at altitude, this same level 40-43 mm was observed in the uterine venous blood despite the fact that at 15,000 feet where the data were obtained the arterial oxygen tension was about 47 mmHg for the barometric pressure fluctuated between 444.8 and 445.9.1
There is here the suggestion that in sheep and in goats the pregnant uterus during the last third of gestation is normally perfused at such a rate that the oxygen tension in the venous blood varies through relatively narrow limits. That being the case, the blood flow should increase as the oxygen consumption of its contents waxes with advancing gestation-and just such an increase has been observed." In the rabbit, by contrast, the blood flow to the uterus reaches a maximum about the 22d day of gestation when the fetuses weigh circa five grams each.' The increased oxygen required by the rabbit fetus as development advances is met by increasing the coefficient of oxygen utilization; the result is a decline in the saturation and oxygen tension of the uterine venous blood. The implications and the consequences 4s of this difference in the coefficient of utilization are doubtless many but two appear fairly obvious: (i) The oxygen available to the uterus of the rabbit at the end of term is approaching a clear limit, whereas no such limit appears to be set for the pregnant uterus of the goat. (ii) Other circumstances remaining the same, less maternal heart work is required in the rabbit to deliver an equivalent volume of oxygen to its uterus than is necessary in the goat or sheep.
The pioneer work on the respiratory gas tensions in fetal blood was done by A. St. G. Huggett7 in 1927 on goats near term, a study that demonstrated for the first time that the oxygen tension in the fetal blood was lower and the carbon dioxide tension higher than their respective levels in the maternal blood. The results presented above serve to confirm, though no confirmation was necessary, Huggett's conclusions and in the circumstances in which the techniques used were comparable our results are similar. In our study we were able to determine or estimate the pH of the blood samples and so to express the oxygen tension with a precision not possible at the time Huggett carried out his study. Accordingly, our results add some refinements but do not alter his fundamental observations. As Huggett demonstrated, the oxygen tension in the fetal blood is normally much lower than that in the maternal; in our series the tension in the arterialized fetal blood was circa 45 to 70 mmHg lower than it was in the maternal artery. The difference in tension in the venous bloods was circa 20-40 mm. That is to say, the normal transplacental oxygen gradient in the goat is comparable to that observed in the sheep which has the same type of placenta.! The factors responsible for this steep gradient have not been identified, but evidence is accumulating which indicates it is the result of mechanisms which can be altered quite rapidly and is not primarily determined by the structure of the placenta per se as had been suggested earlier might be the case.3 Thus the gradient appears to be adjusted and maintained by the fetus to provide it with an adequate oxygen supply despite wide variations in the tension of that gas in the maternal blood reaching the uterus. The evidence on this point comes from three sources: (i) The data demonstrating that in ewes which live and reproduce at high altitudes, where the oxygen pressure in the arterial blood is circa 47 mmHg, the oxygen tension in the fetal blood and the oxygen consumption of the uterus and its contents in cc/kg/min. are comparable to sea level values." (ii) Similarly, in sheep reared and kept at or near sea level until about the 100th day of gestation, the oxygen tension of the fetal blood is maintained at normal values when the mothers are exposed to decreased oxygen pressures in a low pressure chamber;8 and (iii) that offered by the goats in our small 'abnormal' series. Because ot poor ventilation the arterial blood in these individuals was not well oxygenated. The arterial oxygen tensions were between 60.5 and 75 mmHgnormal is circa 95-and that of the uterine venous bloods between 33-39 as compared with 38.2-54.0 in the normal. Despite this decrease in the oxygen level in the blood perfusing the uterus, the oxygen tension in the fetal blood returning to the placenta in the three fetuses varied over the same range as that given for the fetuses of 'normal' does. Though the oxygen tension in the umbilical vein is lower than the lowest in the 'normal' series-13.5 mmHg as compared with 20.3 in the 'normal' series-the tension of that gas in the other two cases was within the lower limits of the 'normal' range.
Further, though no direct measurement was made of the oxygen consumption of these fetuses, or those in the normal series for that matter, they appeared to be receiving oxygen at the same rate as those in the 'normal' series. Just prior to sampling the oxygen consumption of the uterus and its contents, as determined by measuring the arterio-venous difference across the uterus and the uterine blood flow, was in the range found to be characteristic of the cases in the 'normal' series studied in the same way, i.e., 8-10 cc.'2 Second, the total osmotic pressure of the fetal plasma did not differ from that of the maternal sufficient to suggest that the fetus was anoxic. Just prior to delivery, in an earlier study, we9 observed that anoxia of the fetus was followed by a prompt and significant elevation in the total osmotic pressure of its plasma; the absence of such an increase we have taken to suggest that oxygen was reaching the fetus at a rate equal to its metabolic requirements.
Taken together, these three lines of evidence indicate that the transplacental oxygen gradient in the goat and sheep is subject to regulation, and that it is so adjusted that the oxygen supply to the fetus is maintained at the appropriate level despite changes in the oxygen supply to the uterus. That is to say, there appears to be a margin of safety in the functional capacity of the placenta with respect to the transfer of oxygen to the fetus.
SUMMARY
The oxygen tension in the maternal and fetal bloods entering and leaving the placenta have been estimated by relating the percentage oxygen saturation and the pH of the individual samples to previously published nomograms for these bloods in which oxygen tension, pH, and percentage saturation are related. The results demonstrated that in normal does during the last half of gestation the oxygen tension in the maternal arterial blood ranges from 74 to over 90 mmHg. In the uterine vein the oxygen tension for these same individuals varied from 38.2-54.0 mmHg. On the fetal side the oxygen tension ranged between 20.3-45 mmHg in the umbilical vein and 10.4-18.5 in the umbilical artery. These fetal values are compared with those obtained from three cases in which the arterial blood of the doe was poorly oxygenated. The results are discussed.
